To review systematically the literature on female urethral injuries associated with pelvic fracture and to determine the optimum management of this rare injury. Using Metaanalysis of Observational Studies in Epidemiology criteria, we searched the Cochrane, Pubmed and OVID databases for all articles available before 30 June 2016 using the terms 'female pelvic fracture urethroplasty', 'female urethral distraction', 'female pelvic fracture urethral injury' and 'female pelvic fracture urethra girls.' Two authors of this paper independently reviewed the titles, abstracts, and articles in duplicate. We identified 162 individual articles from the databases. Fifty-one articles met our criteria for full review, including 158 female patients with urethral trauma. Of these injuries, 83 (53%) were managed with immediate repair; 17/ 83 (20%) via primary alignment and 66/83 (80%) via anastomotic repair. The remaining 75/158 (47%) were managed with delayed repair. Rates of urethral stenosis and fistula were highest after primary alignment. Urethral integrity appears to be similar after both primary anastomosis and delayed repair; however, patients experienced significantly more incontinence and vaginal stenosis after delayed repair. Patients who underwent delayed urethral repair were more likely to undergo more extensive reconstructive surgery than those who underwent primary repair. The optimum management of female urethral distraction defects is based on very-low-quality literature. Based on our review of the available literature, primary anastomotic repair of a female urethral distraction defect via a vaginal approach as soon as the patient is haemodynamically stable appears to be optimal.
Introduction
Female urethral injury is a rare occurrence. The incidence of obstetric injury has been reported to occur in 10.3 per 1 000 women during the time of spontaneous vaginal delivery and in 4.8 per 1 000 women at the time of operative vaginal delivery [1] . Non-obstetric female urethral distraction defects are even less common types of injuries. These types of traumatic urethral injuries most commonly occur with severe blunt trauma and more specifically, in those with pelvic fracture. The incidence of female urethral disruption, even with pelvic fracture, is very low. An analysis of the National Trauma Data Bank for the period [2001] [2002] [2003] [2004] [2005] showed that, although men and women experienced equal rates of bladder injury with pelvic fracture (3.41% in men vs 3.37% in women), men were much more likely to sustain urethral injury (1.54% in men vs 0.15% in women) [2] . This disparity is thought to be attributable to the flexibility provided by the vagina and the greater inherent elasticity of the female urethra [3] .
Historically, female urethral injuries have been classified into two types. Complete-or transverse-type injuries present as transection of the urethra. Partial-or longitudinal-type injuries present as lacerations within the urethra. Both types of injuries can be associated with vaginal and/or bladder injuries [4] .
The literature on urethral distraction in male patients has shown that delayed repair is the preferred method of treating such injuries [5] . By contrast, the literature surrounding the optimum management of urethral distraction injuries in female patients is sparse and consists mainly of small case reports. There is a lack of consensus as to the optimum treatment. The aim of the present review was to summarize and rate the available literature on non-obstetric urethral distraction injuries to optimize the care of female patients. We review the existing literature regarding presentation and diagnosis of this type of injury. In addition, we summarize the outcomes of three different types of reported techniques for its management: immediate primary realignment; immediate primary anastomotic repair; and delayed repair.
Materials and Methods

Sources
A systematic review of the literature was preformed using the Meta-Analysis of Observational in Epidemiology (MOOSE) criteria [6] . The systematic review began with a literature search of PubMed, the Cochrane Library and OVID databases. All articles published up to 30 June 2016 were included. Articles discussing the diagnosis and management, both acute and delayed, of female urethral injury after a trauma were included. Articles were included regardless of language of publication or publication status. Search terms included 'female pelvic fracture urethroplasty', 'female urethral distraction', 'female pelvic fracture urethral injury' and 'female pelvic fracture urethra girls'. The search was completed on 29 July 2016 by two reviewers (C.S.F, D.N.P.), independently and in duplicate. The results were used to obtain the titles, from which abstracts and full articles were obtained and used in the present analysis. The two reviewers independently reviewed the titles, abstracts and manuscripts. The results from each reviewer were compiled into a document and cross-referenced to identify duplicates. The references from the manuscripts were also reviewed and included if appropriate. NonEnglish-language abstracts and subsequent manuscripts were translated as appropriate. We excluded articles that were based on animal models, transgender surgery, obstetrical trauma, cancer, or those that did not pertain to the treatment of female urethral injuries. The quality of evidence was rated using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system.
Data Abstraction
Our literature search yielded no randomized trials. Data available included multiple case series, case reports and retrospective reviews. Study results were subsequently entered into tables depending on the category into which they fit (case series, case reports and retrospective reviews). Data abstraction forms were adapted from our previous work [7] .
Each table outlined the available data for each case, including patient type (adult vs child), method of diagnosis, timing of repair (acute vs delayed), type of management, approach (vaginal, abdominal or both), duration of follow-up and delayed complications. Children were defined as patients aged <18 years of age. Acute repair was defined as occurring within 7 days of injury. Because of the small number and heterogeneity of patients, outcomes and data collection methods, we were unable to pool the data for statistical analysis in a methodologically sound fashion; therefore, the data are presented in a narrative format.
Results
Our search identified 162 titles, of which 22 (14%) were excluded based solely on the relevance of the title (Fig. 1) . After initial screening, 140 abstracts were reviewed. Of these 140 abstracts, 68 (49%) were excluded, and a total of 72 (51%) manuscripts were reviewed. Of these 72 manuscripts, 28 (39%) were excluded for: not specifying female patient treatment (16) ; not describing female patient treatment (eight); and being review articles outside of the topic of interest (four). Our search yielded 44 articles, which were included in the final review. We were also able to identify seven additional articles by examining the reference lists of the selected articles, bringing the total number of articles reviewed to 51. Of these articles, 34 were case reports, 13 were retrospective reviews and four were case series. A total of 10 (20%) of the 51 articles reviewed were translated into English from French (five), Spanish (two), German (two) and Croatian (one). Due to study design, indirectness of outcome assessment and lack of direct comparison, we found the evidence to be of very low quality when applying the GRADE approach (Table 1) .
Among our selected articles, 158 urethral injuries were identified. Of these, 99 (63%) occurred in children and 59 (37%) in adults. Of these injuries, 83/158 (53%) were managed in the acute setting. Of those injuries managed acutely, 17/83 (20%) were managed via primary alignment with a catheter and 66/83 (80%) via anastomotic repair. A delayed repair was carried out after 75/158 (47%) injuries (Fig. 2) .
Method of Diagnosis
Details regarding the method of diagnosis at presentation were included in 16 case reports and one retrospective review, for a total of 48 patients. Of these 48 patients, 24 (50%) were diagnosed with examination under anaesthesia with or without cystoscopy [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . In 14/48 patients (29%), diagnosis was made by radiology ( Fig. 3 ). Of these cases, 12/14 patients were diagnosed via cystogram, one patient was diagnosed via retrograde urethrogram and one patient was diagnosed with i.v. pyelogram showing an upwardly displaced bladder [15, 16, [19] [20] [21] . In 10/48 patients (21%), the diagnosis was made via physical examination with or without attempted catheter placement [14, 16, [22] [23] [24] .
Primary Realignment
Primary management in 17/158 patients (11%) with urethral injury consisted of acute urethral realignment over a catheter. Fifteen of these cases were in children and two were in adults. Among those undergoing catheter alignment, 15/17 were described as 'complete' or 'avulsion' type injuries and 2/ 17 were described as 'longitudinal lacerations' [15] .
Two patients had no long-term follow-up beyond 2 weeks [23, 25] . The remaining 15 patients had follow-up ranging from 8 weeks to 18 months. Five of these 15 patients had no long-term complications at follow-up of 12-13 months [15, 19, 26] . Notably, two of these five patients had longitudinal-type injuries [15] . A third patient had a distal urethral injury that was managed with primary realignment and acceptance of a hypospadiac neomeatus [27] .
Of the 15 patients with long-term follow-up, 10 had some form of complication, including urethral stricture and/or urethrovaginal fistula formation. Nine of these 15 patients developed a stricture after initial primary realignment. Stricture development occurred as early as 8 weeks and as late as 5 months after initial treatment. Of these nine patients with stricture formation, five required formal delayed repair and four required some form of dilatation or urethrotomy [14, 15, 19, 22, 28, 29] . Of the nine patients with stricture formation, one also developed a urethrovaginal fistula [21] . One of the 15 patients with long-term follow-up developed a urethrovaginal fistula alone, without stricture formation [15] .
There were no reports of immediate or persistent stress urinary incontinence (SUI) in this group (Table 2) .
Primary Anastomotic Repair
Of the 158 patients with urethral injury, 66 (42%) underwent primary anastomotic repair in the acute setting, defined as occurring within 7 days of injury. Of the publications specifying acute repair, timing of treatment was included in 14 case reports, for a total of 17 patients. Among these 17 patients, the mean time of repair was 3 days after diagnosis and ranged from 0 to 7 days. Among the 66 patients undergoing acute primary anastomotic repair, 27 (41%) were in adults and 39 (59%) in children. Of these 66 injuries, 45 (68%) were described as 'complete' or 'avulsion'-type injuries and 21 (32%) were described as longitudinal injuries [9, 12, 16, 24] .
Vaginal, abdominal and combined anastomotic repairs were all described based on location of injury. In total, the approach for immediate repair was described for 47 patients. Of these 47 patients, 25 (53%) had a vaginal repair, eight (17%) had an abdominal repair and 14 (30%) had a combined repair. Abdominal repairs were carried out in cases In the 66 patients undergoing primary anastomotic repair, postoperative follow-up ranged from 3 weeks to 14 years ( Table 2 ). Two of these 66 patients (3%) developed stricture at 3 and 5 months that required dilatation [19, 27] and four (6%) required a second delayed procedure for vesicovaginal fistula repair [16] . Six of the 66 patients (9%) developed SUI; in four of these the SUI resolved in 2 weeks, 2 months, 3 months and 5 years, respectively [11, 12, 19] , and the remaining two patients underwent urinary diversion for persistent incontinence. Of these two, one patient had persistent global incontinence despite immediate repair. Partly because of her age (59 years) and obesity (BMI 42 kg/m 2 ), this woman underwent an ileal conduit procedure [30] . A second patient had a severe anterior bladder wall and bladder neck injury that required continent urinary reservoir construction [16] .
Delayed Repair
The present review showed that 75/158 patients (47%) with urethral injury underwent delayed repair. Of these 75 cases, three (4%) were the result of a delay in diagnosis leading to delayed repair. In two of these three patients, early catheter removal resulted in urine leak, vulvar oedema and serious necrotizing fasciitis requiring delayed repair [9] . In the third patient, delayed presentation in the form of bladder neck necrosis and urethral necrosis in the setting of extraperitoneal bladder injury prompted further evaluation and delayed repair [16] . In 16 of the 75 patients (21%), an elective delayed repair was carried out. In the remaining 56/75 patients (75%), a delay in presentation was the reason for delayed repair. Among the 75 patients undergoing delayed repair, 30 (40%) cases were in adults and 45 (60%) in children.
All patients undergoing delayed repair required either an abdominal or a combined abdominal and vaginal approach. Extensive fibrosis with limited accessibility or a need to repair a damaged bladder neck was a commonly cited reason for these approaches [14] . Of the 75 patients undergoing delayed repair, the most common delayed repair, described in 32 (43%) cases, was a retropubic or transpubic urethroplasty. A delayed repair with the use of an anterior bladder wall flap was carried out in 21/75 (28%) cases. A delayed urethroplasty with symphysiotomy was carried out in 4/75 (5%) cases. A vaginal urethrotomy was described in 2/75 (2.6%) cases [22, 31] . Endoscopic management was also described in 2/75 (2.6%) cases [31, 32] . Of the 75 patients undergoing delayed repair, five (7%) underwent continent urinary diversion via a Mitrofanoff-or Mainz-type procedure as their definitive management [4, 33, 34] .
In the 75 patients undergoing delayed repair, follow-up ranged from 4 weeks to 6 years. Complications after delayed repair included urethral stricture, fistula formation, vaginal stenosis and urinary incontinence (Table 1) . After delayed repair, 2/75 patients (3%) developed urethral stricture, with one requiring repeat transpubic anastomotic urethroplasty and a second requiring stricture dilatation after pedicle tubularized labial urethroplasty [35, 36] . Three of 75 patients (4%) developed a urethrovaginal fistula [34, 37] . Three of 75 patients (4%) developed distal vaginal stenosis [14, 35] . After delayed urethral repair, urinary incontinence in some form was reported in 23/75 patients (31%), with the majority having SUI. Of the 23 patients with incontinence after delayed urethral repair, four patients (17%) had nocturnal incontinence alone [33, 35] . In two of 23 cases (9%), SUI resolved spontaneously at 4 weeks and 6 months, respectively [36, 38] . Two of 23 patients (9%) were managed with selfintermittent catheterization for incontinence [33, 39] . Five of 23 patients (22%) underwent surgery for SUI with either an artificial urinary sphincter or fascial sling [4, 40, 41] . Ten of 23 patients (43%) had persistent SUI at a follow-ups ranging from 4 months to 6 years [3, 14, [37] [38] [39] .
Discussion
The diagnosis and management of traumatic injury to the female urethra is poorly understood and has only been reported sporadically in the literature. Reported incidence of this injury following trauma ranges from 1 to 6%. The present review indicates that female urethral injury after pelvic fracture is more common in children than adults. This suggests that adults are either less vulnerable to this type of injury or are less likely to survive associated injuries. Previous reports have speculated that, although the female urethra is short and mobile, the bladder neck is more vulnerable to injury because the bladder is elevated from the deep pelvis during childhood [31] .
Diagnosis of female urethral injury can be elusive. Reports have noted that initial emergency department assessment can miss this diagnosis in as many as 40% of cases [16] . A recent study from the National Trauma Data Bank found that in Table 2 Outcomes of three types of female urethral injury repair. A B C D girls, urethral injury appears to be most common in the presence of a vaginal laceration, pelvic circle disruption, multiple pelvic fractures or sacral spine injury [42] . Any girl or woman with this combination of injuries should be closely evaluated for urethral injury. Delayed diagnosis not only makes definitive repair more difficult, but can result in serious perineal infection, as noted by Perry and Husmann [9] . In the present review of the literature, diagnosis was most often made via examination under anaesthesia. Because of the short length of the female urethra, confirmation is probably best carried out via urethroscopy rather than urethrography or voiding cysto-urethrography [9] . Bladder neck injuries may best be diagnosed via cystogram [16] .
Attempts at classifying injuries have been based on degree and location. Longitudinal injuries are more often missed, while avulsion-type injuries are often associated with more severe trauma [9, 16] . Identification and early repair of proximal urethra and bladder neck injuries may be important for preserving continence. Delayed repair of bladder neck injuries has been associated with sphincter insufficiency on urodynamics [14] . Mid-urethral injuries are often associated with vaginal lacerations, which can both usually be repaired via a vaginal approach. The present review identified only one urethral injury that was specified as distal. This was managed with catheter drainage and allowance of a hypospadic meatus [27] .
The available data are limited to very-low-quality evidence in the form of case reports and case series. The findings from these studies appear to suggest that immediate repair is the optimal mode of treatment for this type of injury. In our review, there was a high rate of urethral stricture formation after primary realignment. Furthermore, rates of urethrovaginal fistula development were highest after primary realignment compared with similar rates seen after both immediate or delayed repair. Vaginal stenosis only developed in patients undergoing delayed repair. Immediate urinary diversion with planned delayed repair often results in dense scarring, strictures, urethral obliteration, vaginal stenosis and fistulae. As such, delayed repair of the female urethra is challenging. Consequently, patients undergoing delayed repair often required complex urinary reconstruction and often required an abdominal or a combined abdominal and vaginal approach. Delayed repair of the female urethra is further complicated because of its short length and importance for maintaining continence. The present review suggests that, although urethral integrity appears to be similar after both immediate primary anastomotic and delayed repair, patients experience significantly more incontinence after delayed repair.
Management of female urethral injuries continues to be a challenge. All women with pelvic fracture and vaginal or urethral bleeding should have a thorough examination to assess for this injury. Primary realignment is associated with high rates of stricture. Delayed repair often requires more complex reconstruction with increased risk of urinary incontinence and vaginal stenosis. The present review of the available literature appears to suggest that an immediate primary sutured anastomotic repair is optimal for women who have sustained this injury. Furthermore, because of the absence of scarring associated with performing a delayed repair, an immediate repair can often be carried out entirely via a vaginal approach.
In our experience, surgery can typically be safely performed once the patient is haemodynamically stable and cleared, based on associated pelvic injuries, to be placed in the lithotomy position. The timing of urethral repair can often be coordinated to follow orthopaedic pelvis stabilization within the same anaesthetic session. It is important that any identified vaginal lacerations are not closed prior to inspecting for a concomitant urethral injury. The vaginal laceration often occurs at the location of the urethral distraction defect (Fig. 4A ). This laceration can be extended and used to localize the area of urethral injury. Cystoscopy is used to locate the proximal bladder neck. The defect between the urethra and the bladder neck can be several centimetres. A wire placed across the urethral defect can be used to pass a council-tip catheter. This creates a bridge for the anastomosis (Fig. 4B ). After this, the bladder neck and proximal bladder are easily mobilized. Circumferential polyglactin 910 sutures are placed in an interrupted fashion, with care taken to ensure that the anastomosis is not under tension (Fig. 4C) . After closure of the urethra over a catheter, the vagina is closed in two layers to prevent fistula formation (Fig. 4D) .
Importantly, performing an immediate primary anastomotic repair after traumatic female urethral injury contrasts with the management of male pelvic fracture-related urethral distraction defects, in which primary anastomotic repair is considered injurious and primary alignment with delayed repair is considered preferable; however, we recognize the limitations of this assertion as it is based on a relatively small number of patients, primarily presented from low-quality evidence in the form of case reports and case series. Given the small number of patients and the heterogeneity of reporting, data could not be pooled in a methodologically sound fashion. Further investigations are warranted to better guide clinical decision-making.
